Levels of polychlorinated biphenyls (PCBs) congeners and dichlorodiphenyltrichloroethane and its metabolites (DDTs) were measured in 18 species of fish, crab, shrimp, and bivalve samples collected from the northern region of the Persian Gulf in Iran. The levels of PCBs varied from 259.92 ± 31.04 ng/g to 1648.88 ± 176.96 ng/g in lipid weight. CB118 showed the highest concentration.
INTRODUCTION
The Persian Gulf, a partially enclosed formation in which surrounding industries have dumped heavy discharges for many decades, is a "delicate ecosystem" that receives various pollutants from industrial, agricultural, and urban development areas, with a lower dilution ratio than an open marine environment (De Mora et al. 2010) . The Hormozgan Province is located north of the Persian Gulf, with the longest coastline in the south of Iran. This region is quite valuable in securing marine resources in Iran. In recent decades, this province has also seen extensive industrial progress and urbanization, which subsequently resulted to the input of various organic pollutants into the Persian Gulf. Furthermore, Hormozgan Province is known as one of the malaria endemic regions in southern areas of Iran (HanafiBojd et al. 2012) .
Polychlorinated biphenyls (PCBs) comprise a class of 209 congeners that have been widely used as dielectric fluids in capacitors and transformers, paints, printing inks, and various other uses (Zahed et al. 2009 ). Generally, the PCBs congeners, including CBs 28, 52, 101, 118, 138, 153, and 180 , as listed by the International Council for the Exploration of the Sea (ICES7) have been recommended for environmental monitoring due to their relatively high abundance (Herbert et al. 2006) .
On the other hand, dichlorodiphenyltrichloroethane (DDT) has been used as an effective insecticide in agriculture as well as for malaria control. PCBs and DDTs are considered as persistent organic pollutants (POPs) and widely distributed in the environment (Corsolini et al. 2005) . Both chemicals are among the most hazardous pollutants for aquatic biota, due to their toxic effects and high bioaccumulation ability (Hung et al. 2006) . Consuming fish and seafood containing POPs is an important pathway through which humans gain exposure to these pollutants (Bocio et al. 2007; Storelli et al. 2007) . Therefore, investigating chlorinated pollutants in seafood is an essential indicator in determining the level of contamination of marine resources and identifying the risks to human health (Yim et al. 2005) .
Despite the large numbers of studies on organic pollution and toxicity in developed countries, few research studies have been conducted in countries bordering the Persian Gulf and the Oman Sea. Zahed et al. (2009) reported PCB congeners in the northwestern part of the Persian Gulf with Clophen A60 as the probable source.
The primary goal of the present study is to determine the level of PCBs and DDTs in a large number of commercial fish, crab, shrimp, and bivalve samples in order to estimate human dietary intake through seafood consumption. The secondary aim is to estimate the screening value (SV) for the residents in the Hormozgan Province based on local information. Finally, comparing these data with global guidelines and international screening values would illustrate the potential risk of exposure to Hormozgan Province residents and requirement to apply risk management.
METHODS AND MATERIALS

Sample Collection
From October 2010 to May 2011, 18 species of marine biota were purchased from the fish markets of Hormozgan Province, Iran. The area (Figure 1 ) is located on the • 24' to 28
• 57' N latitude and 52
• 41' to 59
• 15' E longitude) with a subtropical climate (Zare and Baghestani 2001). The species were selected based on their consumption by the local population; that is, the most consumed species from various categories were chosen for the present study. Samples were transferred immediately to the laboratory, and biological indices, such as length and weight, were measured. Subsamples were prepared from purchased biota in the manner they are consumed by local residents, that is, for the large fish, edible muscle tissue without skin and bone were transected; for the small fish, the whole edible part; and for shrimp, crab, and bivalves, the soft bodies. Three composite (pooled) samples were prepared for each species by mixing the collected parts from at least three numbered individuals or 1000 g of bivalve samples. Detailed information about the samples is shown in Table 1 . The prepared samples were wrapped in aluminum foil and subsequently in polyethylene bags. These samples were then preserved at −20
• C. The lipid and water contents of seafood were measured using gravimetric methods and were used to express the concentration units on lipid and wet weight bases, respectively (Ramu et al. 2006) .
Chemical Analyses
Based on microwave extraction (De Mora et al. 2010) and the requirements for sample extraction of U.S. Environmental Protection Agency's (USEPA's) Method 3546 (USEPA 2007), the collected samples were analyzed for total DDTs (including DDE, DDD, and DDT) and PCB congeners (IUPAC nos. 28, 52, 101, 118, 138, 153, and 180) . Weighed amounts of freeze-dried samples with 30 mL hexane/acetone mixtures (90/10) were exposed to microwave radiation at 115
• C for 20 min. The lipids were removed by using concentrated sulfuric acid. Extract cleanup and fractionation were performed in a silica column (USEPA 1996) prepared in a 50-mL burette with an internal diameter of 1 cm. PCBs and DDTs were obtained by eluting the column with 130 mL n-hexane and 15 mL methylene chloride. Instrumental analysis was performed through a gas chromatography system (Agilent 6890N) equipped with a mass selective detector (Agilent 5973N). As for the separation of the components, a capillary column (0.25 mm × 30 m × 0.5 μm) of DB-5ms (Agilent 122-5536) was employed. Helium was used as carrier gas at a flow rate of 1.5 mL/min. The temperature program started at 80
• C held for 1.5 min and with 40, 10, 4, and 8
• C/min ramps increased to 160, 170, 250, and 300
• C held for 10 min, respectively. The injector temperature was maintained at 290
• C. The mass detector was operated in electron impact and selective ion monitoring mode at m/z 256, 292, 326, 360, and 394 for the PCB congeners, and 246 and 235 for DDT and its isomers.
Quality Assurance/Quality Control
Standard and surrogate mixtures were prepared from Chiron AS. All solvents were prepared at chromatography grade. The quantization of components was generated based on external standard methods. To demonstrate the validity of the analytical methods used and the quality of the obtained data, some techniques were employed through which the accuracy and precision of the applied methods were verified. For every set of nine samples, method blanks were analyzed to investigate the possibility of interference or contamination peaks on the monitoring ions. To assess the precision of the analytical methods, three replications were performed for all experiments. The accuracy of the analytical methods was determined using the matrix spike technique with surrogate standards. Likewise, this technique determined the efficiency of the extraction and cleanup steps, as well as the method recovery coefficient.
Finally, the quality assurance of the procedure was confirmed using the certified reference material IAEA-406 for fish homogenate. The obtained data from the laboratory and the reference values were in good agreement. The average deviations observed from the reference values were 15% and 21% for DDTs and PCBs, respectively. The calculated method detection limits were 0.01 and 0.20 ng/g for PCBs and DDTs, respectively. The coefficients of variance for the methods were under 10%. The method recoveries were estimated at 90% to 103% and 89% to 107% for PCBs and DDTs, respectively.
Statistical Procedure
Statistical analyses were performed using SPSS 18. Based on the results of the Kolmogorov-Smirnov test, no normal distribution was found for the data, even after transformation to log10. Hence, a non-parametric test (Kruskall-Wallis) was used. The significant level was p ≤ .05.
Calculation of Dietary Intakes and Screening Values
Potential health risks for Hormozgan Province residents were estimated based on dietary intakes and screening value methods. Hormozgan Fishery Office (2010) Eqs. (2) and (3) were used to calculate the local SVs for carcinogenic and noncarcinogenic effects of PCBs and DDTs, respectively (USEPA 2000):
where RL is the maximum acceptable risk level, RFD is the oral reference dose, and CSF is the oral cancer slope factor and their values were used as recommended by USEPA (Table 2) . BW is the bodyweight and CR is the consumption rate and are respectively considered as 70 kg and 17.5 g/d in USEPA calculations. PCBs for all congeners were calculated based on the Deutsche Industrie Norm (DIN) approach (Yim et al. 2005) , wherein the concentration of 209 congeners is equal to five times the total concentration resulting from CBs 28, 52, 101, 138, 153, and 180.
RESULTS AND DISCUSSION
Concentrations of PCBs and DDTs
As listed in Table 3 , PCB levels showed significant variations among species (p < .05). The highest PCB value was detected in the grunt fish, with 1648.9 ng/g lipid wt. Flounder, tiger tooth croaker, and snapper fish contained PCB levels greater than 1000 ng/g lipid wt. The lowest PCB level was found in the silver pomfret with 260 ng/g lipid wt. DDT concentrations varied from ND (not detected) to 570.5, with an average of 176.4 ± 320.8 ng/g fat. However, DDT and its metabolisms were not detected in any considerable number of biota. Blue crab, silver pomfret, and anchovy were found in the biota with high levels of DDTs (p < .05). By comparing the obtained data, the present study showed that PCBs was higher than the levels detected in the biota from northern Iran and in other parts of the Persian Gulf such as shadegan (Table 4) . This difference is probably related to the presence of industrial units, which include oil and gas refineries, desalinization plants, the Qeshm zinc smelting factory, the Bandar Abbas power plant, and ship building factories, as well as two of the biggest Iranian transformation ports in the region (Shahid Rajaei and Shahid Bahonar). Furthermore, the heavy traffic of local and international ships, solid waste disposal, and wastewater input account for the pollution sources in the studied area. Obtained DDTs were lower than the published data from the fishes from the Caspian Sea, given that in the northern regions of Iran, the agricultural industries are more developed (Hosseini et al. 2008) . In general, relatively high levels of PCBs and DDTs were also observed in the industrial areas of other Asian countries, such as Japan, Hong Kong, Korea, and the Philippines. In some cases, the reported values are higher than the obtained levels in the present investigation (Table 4) .
Distribution Patterns
CBs 28, 101, 118, 138, 153, and 180 were the most prevalent PCBs in the tested biota. Congener no. 52 had the lowest percentage and was detected only in blue crab and sheiri at 12.4% and 7.4%, respectively. The distribution patterns (Table 5) demonstrated that congener no. 118 had the highest concentration in most biota. The approximate distribution pattern of the congeners was found in the order 118 > 180 > 138 > 28 > 153 > 101 > 52. The CBs containing higher levels of chlorine atoms dominated the tested biota due to their harder metabolic elimination (Yang et al. 2006) . Similar to the findings of the present study, CB-118 was also found to be the most abundant PCB in the North Pacific albatross (Tanabe et al. 2004) . Likewise, fish from the northwestern waters of Hong Kong showed a predominance of heavier congeners (Hung et al. 2006) . No identical pattern for the DDT distribution was found across the tested biota. DDE was dominant in grunt, king macrel, sillago, and snapper (Table 6) . DDE, having a longer lifespan, is the most persistent isomer resulting from DDT metabolism and has the highest tendency for bioaccumulation in aquatic ecosystems (Hosseini et al. 2008 ). Predominance of DDE over DDT and DDD was observed in findings of many researchers (Sapozhnikova et al. 2005; Naso et al. 2005) .
The ratio of DDE to DDTs in marine mammals is an indicator for the time in which DDT was introduced. DDE/ DDTs ratio with values less than 0.6 refers to fresh origin of DDT (Aguilar 1984 ). In the current study, the majority of values were less than 0.6 with an average of 0.44, suggesting that this compound continues to be used in Iran or its neighboring countries for agricultural applications or for (Ogata et al. 2009 ), in fish from Cambodia (Monirith et al. 1999) , and in fish collected from rural and suburban areas of Indonesia ). 
Health Risk Assessment
Human health risk was assessed based on accepted dietary intakes (ADIs) and screening values (SVs) techniques. Data on consumption rate and estimated human dietary intake of PCBs and DDTs through various seafood categories are shown in Table 7 .
In the interest of public health, the World Health Organization (WHO) established a value of 60 and 1200 μg/person/day as acceptable daily intakes of PCBs and DDTs, respectively (FAO/WHO 1986). The calculated amounts of daily intake were much lower than the ADIs from the FAO/WHO. Exposure to PCBs and DDTs from consuming shrimp, crab, and bivalves was thus negligible for Hormozgan Province consumers due to their very low ingestion rate for these kinds of seafood. Compared with the values obtained from other parts of the world, our detected values for PCBs intakes from fish were similar to those in Vietnam, and much lower than those in developed countries, such as Australia and Japan and Denmark (Fromberg et al. 2011) .
SVs are considered as valuable tools for risk management through food digestion. By this approach, statewide advisories and safe-eating guidelines have been provided. In the current study, local SVs were established for the fish category as a preferred seafood by residents of Hormozgan Province. The average bodyweight and consumption rate for the Hormozgan Province population were different from the USEPA's values and thereby caused the larger SVs compared with the USEPA's SVs (Table 8) .
DDTs were lower than the SVs, which is similar to the result obtained from daily intake calculation, thus implying that there is no DDT risk from the fishes from the Persian Gulf.
PCBs exceed the state SV for carcinogenic effects, therefore suggesting that the levels of PCBs as chemical compounds in the fishes from the Hormozgan waters need to undergo additional evaluation to prevent any carcinogenic risks of PCBs to human health. The observed disagreement between the results from the PCB risk assessment obtained from the SV and the ADLs methods may be caused by the differences in the level of protection they are designed to afford, or the differences in the assumptions (such as critical effect and experimental doses) used to derive them (Dourson and Lu 1995) . Since USEPA's RfD and CSF are more recent and conservative, and based on the available information, smaller reference values from USEPA (SV method) were preferred.
In comparison with other studies, the detected DDTs in fishes from Korea were below the established SVs for Korean fish consumers. Whereas, PCBs were recognized as compounds of probable concern due to their detected concentrations that exceeded the local SVs (Yim et al. 2005) . Harvey et al. (2008) estimated that exceeding SVs occurs in 30% of coastal waters in the United States, resulting to PCBs health risk. Blocksom et al. (2010) reported that concentrations of pollutants in fish tissue from U.S. rivers were high and exceed expected levels.
Generally, PCBs in seafood from Hormozgan Province constituted the concerned chlorine pollutants. However, in risk assessment of organochlorine chemicals on human health, factors such as concentration changes during transportation, storage, and cooking methods should not be disregarded (Shi et al. 2009 ).
CONCLUSION
The current study is the first attempt to assess the dietary intakes of marine pollutants in Southern Iran. The composition and residue concentrations of studied contaminants showed that PCBs and DDTs are the chlorinated pollutants of greatest concern in seafood samples from the Persian Gulf. The observed concentrations were higher than those found previously in the northern and southwestern regions of Iran. The daily intake of DDTs was less than the FAO/WHO ADIs and established local screening values, but detected concentrations of PCBs exceed the USEPA and local screening values for carcinogenic effects. Therefore, there is strong need to apply of risk management to protect fish consumers. According to linkage between food consumption and human loading of pollutants and in order to provide the framework of risk management in the future, it is necessary to study other categories of foods, pollutants, and their source as well as age and sex groups of Iranian consumers.
